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During the month of August, 1968, field and laboratory studies

were conducted at 2020 Manhatt an Boulevard to det-rmine the existing

'

ground-water conditions, The purpose of these studies was to deter-
nmine to what extent pollution of ground water at this site would af-
‘fect other waters in the area, elther above or below the ground.

It is proposed that this site be used as a tast facility for

rechanized turial of solid waste und possibly sewage sludze. Maximum

burial will be nine feet ben=ath the ground surface which in many

cases will also te beloﬁ the water table, Introduction of waste ma-
teria2l below the level of the water table ﬁill presunzbly caﬁsg pol-
lutibn of the immrediate ground water.. This study determined'thé di-
rection end rate of ground-water movement which are prine considera—

tions in the dispsrsal of any poliutant. From this, conclusicns are

dravm on the potential heazsrd of the proposed waste diszosal facility.
Proposec z :

General Setting o o o .

.The site at 2020 Manhatten Eouluvurd is a brosd lowland of some-
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20 acres. Laanill operations ;t fﬁe north and southzsst ends of the
_lowlahd.hévc madé significant hg;dway in raising thé gederal level of
~ the’ land as much as 15 feot. Ibwl;ﬁd still not filled, is cccupied
by a pord vhich is dr.lned to bj a Clty of Toledo storm sewer. Before
dumﬂlng beg,n. the orlglnal level of the surrounding land was 16 to 18
feet above the pond level, Fizure l is a plan view of the site at tle

time of the surveys.

Geolosy
The area is underlain by a thick seciion (106 fest) of uncon-

solidated deposits related in origin to the Plelstocene glaciers. The
dep051t re reéominately é.gritty, and sometimes bouldsry, silty
clay loan (U.S. Department of Agriculture Soil Classification) termed
till. This matefial was laid down directly by the glaciers as they ’
advanced and retreated over the area., While hetcrogeneous in texture,
tﬁe till is homogensous in.bulk compositién. and should possess uni=-
forma hydrologic characteristics throughout its entire thickness,

Near the surface, the till kas been reworked by weathering,
m#ss-movement. and erosion., As a result the texture is more silty and
the material is less cormpacted, |

Bencath the pond, and also ih thése afeas the pond once—occupied,
the sedinents at the surface consist of alluvium washed into the pond
from the surrounding uplahds; Th:se sedirments are rich in orgsnic ms-
terial and are classified as nuck. Thelr tthnﬂe s is aynraxlm tely
6 feet.

Covering the glacial dep&sits is £ill varying in thickness fron
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0 to about 15 fect. The:fill is predominately demolition scrap, brick,

wood, etc and industrial waste, It is heterogencous in composition,
and;althoﬁgh:cbép#éféa'by nachinery still containé numefous voids,

. At depths of 100 fgcﬁ the.uncodsoLidated-tiii is'undérl;in by
limestone which is'persistcnt-throughout Iucas County. The lirestons
contains many openings such as joints, solufion cavities, and bedding
planes, Due to these opedings, water pasaes relatively freely thrﬁugh
the rock: 'Becauﬁe §f this, the limestone is used extensively throughout
the area a3 a source of water supply. It is estimnted that anproxi-
mately 10 million galloﬁs per day is puﬁped from the limestone in the
Toledo area. | o

To deternine the geologic and'hydroiogic conditicns at the site,
borinés were made at three locations (refer to figure 1) and samples
of the depositsicollected.. Appehdix A gives the litholﬁgic logs of
- the soriﬁgs. and anpendix B the results of laboratory tests performed

on undisturbed samples.

Ground-Water Hvirology"

Before discussing the occurrence ¢f ground water at the site,
sone general exélapation of ground water bah#vior and definitions are
in order.

IBeneath the.grouﬁd surface two maj&f zones are distinguished on
the Basis of wﬁtef con;ent:. the unsaturated and saturated zones, These
are separated by ths vater table ﬁarking'the upper-rost extension of
the zone of §aturation. All waté} in the zone of saturation 1is te}ﬁed '

groundwater to distinguish it from water in the unsaturated zone gener-
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ally referred to as 5011 r01«ture. Surface water refers to .all water
at or oa the ground surface and includ 3 1akes, rivers, and oo;ds.'
Thesa are neccs=arilj axtificial uistlnctlons as there is dlf&ut tr¢nsj
fer of s0il moisture to ground wuter and to surface water and even the
reverse,

The driving mechanisﬁ behind grOund-watef.movement.is gravity.
At evefy roint within the saturated zone, ground water possesses grav-
ity poteatial. Movement uill be initiated when the potential at one
point is greater than a@ another with the direction of moveneut from
high potcntial_points to low potential points., Ground-water move-

‘ment has been ektensivcly investignted_and found to obey Darcy's Law:

Q= PIA
where,
Q = the rate of discharge,
P = the permeability of the transsitting wmediun,
I = the hydraulic gradient, or the potential loss

_ divided by the distance of travel,
A = the cross-sdctional area through Wllch flow occurs.

Ground-~water condltioqs at the site are graphically shown in
figure 2, The rosition of the water table is determ;ned from static
water levels in tﬁe boring' holee;. At the s0il-fill interface there is
a dislccation of the water téble. This dislocﬁtion is due to chwngés
in the hydrﬁullc couduct1v1ty of the two materluls resulting in lover
gradients, or water table slopes in the flll.

* In general, the yater_taole_slopes to the.pond and is connected
with the level of water in the pond. Where fiil.has been added, the
water table has been displaced slightly upward but still retains its
slops to the pond. TheAaverage horizﬁntal gradient“of the water table

to the pond is 0.007 foot/foot.
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As stated nreviously,'tha éeolowic nropertiss of the glacizl
dcpoaits are rcl.tivaly uniform ind104tiﬂ" that the lydrologic char-
acteristlcu would aloo ba unlform This is confirved b& the 1éboratory
_ tests. Poro~1tj valL;s range from é5 to 32 ocrcent, roisture contents
are 10.1 to 16.1 percent; and the coefiici:nt ofipe:meabllity is within
the narrcw limits of 4.7 x 10;1_to 1.9_x 10'1 gallons per day per square
foot (2pa/1t?). |

It should be pointed out that the difference betwezn the porosity
and moisture content values does not mean th?t the saples were unsat-
urated. These are apparent differsnces related to the cethod of re-
nortlng. .2., moisture content in percent by weight and. porosity in
percent by volume, Conversion of roisture content into percant by
volure g{wes close agresment with porosity. Thus, thc samples are
saturated as indicated by their poSition below the water table,

In addition to the horizontal gradieat of 0.007 fbot/root, there
is a vsrtical gradient through the till, From previous information col-
lectéd on the hydrology of Lucas County, it can be shown that water
levéls in underlying limestone are approxinstely 30 feet below the level
- of the wa£ér table at the Manhattan Boulevard site. Thus fhe finid
potential in the limesione’is significantly below the water table and
water in tha till will be induced to move down aud into the limestone,
Th¢ vertical_hydraulic'gradiént is 0.30 fo;k/foqt, or approximatsiy 40
tines greater than the hori;ontal gradient, In figure 2, the prasence
of the larger vertical gradient is dernoted by arrows showing the pre-
dominate path of water moverent as vertically down,

Because of the strong vertical gracdient, it can be seen fron
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figure 2 that thece exlsts iittle chance of ground vater within tne
glacial till discharging to the pond. In fact, pond water is leaking
to the underlying cdenosits, | |

No flow lines huve been drawn_witﬁin the saturated fill, The
£i11 material has voknown hydraulic properties and novement within the
£i1l will be greatly controlled b} the nunerous interconaeciing volds.
Yiovement within the £ill is definitely to the pond as the underlying
deposits.act as a rclatively impermeable barrier. The rate of discharge
will bz swall as the hydraulic gradiant in the fill is less than C.0C7
foot/foot,

ALl of the groun& water within the glacial drift must evzntually
discharge to thé underlying limestcne bedrock. Thus, the possibility of
'poliutiéh to the bedrack riust be consi&ered as the liméstone represants
a productive aquifar used locally for water supply.

Darcy's Law may be used to calculste the veloéity and quantity
of ground water roverent through the till to the limsstone., Using . a
value of 3.3 = lO"lgpd/ft2 as the average psrimeavility of the till, the
velocity of -rater movement through the 1ill is 0.013 foot/ﬁay. At
that rate water at the water table will require about 21 yesrs o reach
the limestone. The quantity of ground water discharged through the
till amounts to 4,300 gpd/acre of land,

Because of the exceeding}y élow raté of movenent, it seem$ doubt-
ful that pqllutidn of the limestone aguifer ﬁill occur, During the time
of travel.fchanges.in the water quality will occur which will tend to
purify the water. These changes includé filtering of bzcteria and sorﬁe

- tion of chemicsl dons, Given the 20 years during which these reactions

—-___;
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can proceed, there is little liklihood of polluted water reaching the

limestone,

Conclusions ~nd Reconrmendations .

The introduction of polluted materizl to ground water at the
¥arhattan Boulevard site presents minimal hazards to other waters in
the immediate vicinity, This applies only if precautions are tzken
to not 21low any polluted material to e buried within the fill,

. Althcﬁgh the hydraulic characteristics of the £ill are unknown,
the n;ture of tﬁe material sugiests that it is more pernezble than the
underlying glacial derosits. This sugzesticn is substantisted by a lower
hydraulic gradient within the £ill than in th§ glacial till, and by the
water “table discontinuity at ihe soil-fill interfacz, Pollutants within
either the saturated or unsaturated £ill will rigrate laterally and
enter the nond causing an undesirable sitvation for a long peri&d of
time,

Burial of polluted maturial ir the glscial dauwesits will restrict
lateral seecass=. Within both the éaturated and unsaturated zoncs of
the glacial deposi{s, the predominate direction of water moveﬁent is
verticelly <owni. This dirzction of movemeﬁt przcludes contanination
of the pohd eren if_the polluted natéri#l-were buried benezth the »oxd
itsé}f. |

As‘a prccéution to inhibii lateral movarent it is recomriended ihat
burizl treuches be oriented noraal to the direction of the lLorizontal

hydraulic gradient, At the Manhattan site, this reans that trenches

rur aporoximaztely east-west or parzllel to the ground contour,
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Vartical movement of pollutants are not sesn to cause any hazard
to the 1imastcn¢ aquifer buried beneath the glacial deposits. FKovement
thrﬁugh ihe deposits is extremely.slow requiring soie 2) yecars for
water at the water table téiseep into the limestone. During that per-
iod the water will b; naturally purified ty filtration and sorbtion.'

While the conditions describad represent those of August, 1968,

no significant changes are anticipated sither because of natural events

such as wetter or dryer ycars, or because of man-made changes,

Respectfully submitted,

J v

{
George R. Kunkle





